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Abstract: This paper reports the fabrication of geometry-controlled carbon microneedles by a backside exposure
method and pyrolysis. The SU-8 microneedles are a polymer precursor in a carbonization process, which geometries
such as base diameter, spacing, and aspect ratio can be controlled in a photolithography step. Using this fabrication
method, highly reproducible carbon microneedles, which have high aspect ratios of more than 10 and very sharp
nanotips, can be realized. The quartz surface with carbon microneedles becomes very hydrophilic and its wettability is
adjusted by carrying out the silane treatment. In the carbon microneedle array (3 pum x 3 um), the contact angle is
extremly enhanced (~180°); this will be advantageous in developing low-drag microfluidics and labs-on-a-chip as well
as in other bio-applications.
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Fig. 1 A. Fabrication processes of high aspect ratio SU-8
microneedles using a backside exposure method
and B. SEM photomicrographs of the fabricated
SU-8 microneedles with 1 um and 3 pum Cr
apertures
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Fig. 2 SEM images of the fabricated (b) carbon
microneedles compared to (a) initial SU-8
microneedles and (¢) EDX result from the
yellow box in the SEM photomicrograph of a
carbon microneedle on a TEM grid with Cu

So], #4dE 9= HMDS Aol uwet A
Z7bo] 530 oA 93°2 FUIElal ©adEe] %
Eﬂtﬂ] 101.57 eV ¢ AgtellUXA & 7FA= Siy, 7F A
AEAeS ¢ F AT o= HMDS Ao u}
2 A" E Fwo]  Si-0Si(CHs); thalel C-
OSi(CHy); 7} A/ =0} o] mung o 447
S HE oz AZEG® 9 AAREZNH,
HMDS A& BAEWS AFAoR W7 &
o AEs HEds & 7 AT

A E A ¥ ©A mlolaRYE o]
gol& 7HAa 9l

i}

N

i Bk
N
R
kI
%0,
rir
X
o
N r
L
flo
2

< SAY F
ZTHCA < 10°).

243 7]

A4y B om0 XN O
&2
rlo
~N
a2
>
<
0
i)
AC)
X
A
J¥

o M2 P~
=}

- o
1
ku
i
i
2
=)

%o
32
)
s
<
S
w2
4
k)
o
k)
ED
w2
<
o0
_E
uu
[
k)
o

==

5 ojelols AAE Mdrlwel HZ7te
W35 Fig. 4(a)°] YEFH ST

o] A2 Y E o] o] aperture 7} 3 pm ©
ml/em® E2F0Z AXEYL USTF 7+
um, 6 pm, 12]3L 9 um & Z+7} & skSl T}
Aol ol H=7he] S7bE A g7]d SU-8
B mlol g R UL olgo]d AR ¢l 27
Wel AEAnn FrsRn UE ol F

¥
h
L
2

—

al

t:u flo

mlo Ml D



2 o] Ao} - o] 4% - o] %4l WA - o] %
1

Bare
120 Y HMDS treatment 7]— X1

= B4 who]laR2YE o ©](3 pm x 3 pm) 7}
A w =o] He A Fe 24T
A THCA~180°). E4 wlo]a2UE oY
Aste o] Boll A e EH5E Fig
4(b)°l OES oju A &= YERHATE o] 4 whol
AzyYs of#e] Atelol B2 o] ¥71E 7HFo
A EEe] VRadd HEeA A s wiw
o] Ao 7 A7 HEITE AA3 Aty 74
UE ofgolst Ewel 49 4

Surface A= = =
(a) T FE& 227 E e 2WE

90 |

zHIF%N

60 [

Contact angle (°)

30

2p

Quar Carbon SU8

;1__
[e)
T

érﬁ.l
PN o o

met |
4 B

mmmmm Carbon film
= Carbon film/HMDS

1500 -

1000 |

Counts/s

& rlolaEUE ool Axstn EWALY
B3 a5y T 2asye) Eue TANYY
Ta mlelARYSE VIS Handy] F4t
S BT AH e YL Fe] Az & Ak sus ol
Binding energy (¢V) ARUE g4 o2 or el dFrbss,
(b) o] ZEH UELS dAgE % FyFFo= <l
Fig. 3 (a) Contact angle changes of various surfaces after & Uwz17]e BEhaES L 4 91011;} HMDS

HMDS treatment and (b) XPS spectrum of

HMDS-treated carbon film compared to initial 7h AeE ATkt =2E= HEA
carbon film. The carbon film is from SU-8 film T SU-8 TE A= Ao Eﬂé}xl ket
pyrolyzed at 700 °C o] A= 2E HMDS = EBFARWE AZA0l
50 ™S 7} AN & + Ao xuAE
1 7 Fzsts I carbon Heprgte B4 F43 124 AAE B vl
~ 71 olARYUE ojgolw s AFH B ZaSA
el — EWAL Pt
g ¥ 2He AFAAE 24T 5 v 2uAY
s %3} e FF Aot bsd wha v A
gLl HEd % ARE Azl sloldr A
© FEa, A7IAR ek, agal AlEEA 2 ont
olo. Ropold §83 AgE 5 A Aow
0 3x3 3x6 /ng]'—%]:]-
Microneedle array (axb)
< 7|
é d 2 AGE e AT (2009-0083230)7 Brain
. y Korea 21 ¢ Aol oz 3= FH T}
> W | R | W——2 -
(b) g 2oEd

Fig. 4 (a) Contact angles of microneedle arrays in SU-8
and carbon fabricated with 3 pm Cr apertures and (1) Gao, X. and Jiang, L., 2004, “Water-Repellent Legs
different spacing and (b) photographs of a water of Water Striders,” Nature, Vol. 432, No. 4, p. 36.

droplet on the carbon microneedle array (3 pm x 3
um) after HMDS treatment. The spacing between (2) Cheng, Y. T., Rodak, D. E., Wong, C. A. and Hayden,

the microneedles varies from 3 pm to 9 pm C. A, 2006, “Effects of Micro- and Nano-Structures



AFZH] g4 wlo] AR YE o]yl Alx

on the Self-Cleaning Behaviour of Lotus Leaves,”
Nanotechnology, Vol. 17, pp. 1359~1362.

(3) Zhai, L., Berg, M. C., Cebeci, F. Cii, Kim, Y.,
Milwid, J. M., Rubner, M. F. and Cohen, R. E., 2006,
“Patterned Superhydrophobic Surfaces: Toward a
Synthetic Mimic of the Namib Desert Beetle,” Nano
Lett., Vol. 6, pp. 1213~1217.

(4) Winkleman, A., Gotesman, G., Yoffe, A. and
Naaman, R., 2008, “Immobilizing a Drop of Water:
Fabricating Highly Hydrophobic Surfaces that Pin
Water Droplets,” Nano Lett., Vol. 8, pp. 1241~1245.

(5) Cortese, B., D’Amone, S., Manca, M., Viola, I,
Cingolani, R. and Gigli, G., 2008, “Superhydro-
phobicity Due to the Hierarchical Scale Roughness of
PDMS Surfaces,” Langmuir, Vol. 24, pp. 2712~2718.

(6) Nakanishi, T., Michinobu, T., Yoshida, K., Shirahata,
N., Ariga, K., Mohwald, H. and Kurth, D.G., 2008,
“Nanocarbon Superhydrophobic Surfaces Created
from Fullerene-Based Hierarchical Supramolecular
Assemblies,” Adv. Mater., Vol. 20, pp. 443~446.

(7) Li, G., Chen, T., Yan, B., Ma, Y., Zhang, Z., Yu, T.,
Shen, Z., Chen, H. and Wu, T., 2008, “Tunable Wettability
in surface-modified ZnO-based Hierarchical Nano-

structures,” Appl. Phys. Lett., Vol. 92, pp.

BAGEL A 254

=]

EEEE s

173104(1~3).

(8) Mertsch, O., Schondelmaier, D., Rudolph, I., Kutz,
0., Walter, A., Schleunitz, A., Kouba, J., Waberski, C.
and Loechel, B., 2008, “Generation and Characteriz-
ation of Super-Hydrophobic Micro- and Nano-
Structured Surfaces,” J. Adhes. Sci. Technol., Vol. 22,
No. 15, pp. 1967~1967.

(9) Konishi, S., Liger, M., Harder, T.A. and Tai, Y.C,,
2004, “Parylene-Pyrolyzed Carbon for MEMS
Applications,” MEMS' 04 Conference, pp. 161~164.

(10) Lee, J. A, Lee, S. W, Lee, K-C., Park, S. I. and Lee,
S. S., 2008, “Fabrication and Characterization of
Freestanding 3D Carbon Microstructures Using Multi-
Exposure and Resist Pyrolysis,” J. Micromech.
Microeng. Vol. 18, pp. 035012.

(11) Lee, J. A, Hwang, S. P., Kwak, J. H., Park, S. L., Lee,
S. S. and Lee, K.-C., 2008, “An Electrochemical
Impedance Biosensor with  Aptamer-Modified
Pyrolyzed Carbon Electrode for Label-Free Protein
Detection,” Sensors and Actuators B, Vol. 129, pp.
372~379.

(12) Izumi, A. and Oda, K., 2006, “Deposition of SiCN
Films Using Organic Liquid Materials by HWCVD
Method,” Thin Solid Films, Vol. 501, pp. 195~197.



